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Abstract More than 400 million people in the developing
world depend on dryland agriculture for their livelihoods.
Dryland agriculture involves a complex combination of pro-
ductive components: staple crops, vegetables, livestock, trees
and fish interacting principally with rangeland, cultivated
areas and watercourses. Managing risk and enhancing pro-
ductivity through diversification and sustainable intensifica-
tion is critical to securing and improving rural livelihoods. The
main biophysical constraints are natural resource limitations
and degradation, particularly water scarcity and encroaching
desertification. Social and economic limitations, such as poor
access to markets and inputs, weak governance and lack of
information about alternative production technologies also
limit the options available to farmers. Past efforts to address
these constraints by focusing on individual components have
either not been successful or are now facing a declining rate of
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impact, indicating the need for new integrated approaches to
research for development of dryland systems. This article
outlines the characteristics of such an approach, integrating
agro-ecosystem and livelihoods approaches and presents a
range of empirical examples of its application in dryland
contexts. The authors draw attention to new insights about
the design of research required to accelerate impact by inte-
grating across disciplines and scales.
Keywords Dryland agriculture .Managing risk . Building
resilience . Sustainable intensification
Introduction
In the face of complexity, many research efforts address a
component of the problem rather than attempting to deal with
all of its dimensions. Interventions based on such sectoral
work tend to rely on narrow perspectives, unrealistic extrap-
olations, untested assumptions and misapplied narratives, and
have often failed to provide lasting benefits to rural house-
holds (Lopez-Ridaura et al. 2007; Giller et al. 2006; Pretty
et al. 2006; Twomlow et al. 2008).Much agricultural research,
in particular, has tended to focus on addressing specific pro-
duction constraints, without taking into account the constella-
tion of social, economic and institutional factors that influence
adoption (Kiptot et al. 2007).
Research on underlying causes of unsustainable land man-
agement in drylands has included: broad diagnostic assess-
ments (Binswanger et al. 1989); studies of property rights and
collective action in both sedentary and pastoral systems
(Agrawal 2001; Place and Hazell 1993); encroachment by
external interests (Lane 1998); population pressure and pov-
erty (Grepperud 1996; Pender et al. 2001; Templeton and
Scherr 1999; Tiffen et al. 1994); drought as a driver and trigger
of desertification (Dregne 2000); access to markets and infra-
structure (Binswanger andMcIntire 1987; Pender et al. 2006);
economic returns to conservation practices (Cramb et al.
2000; Gautam and Anderson 1999; Shiferaw and Holden
1998, 2001); extension approaches (Cramb et al. 2000; Clay
et al. 1998); factor market imperfections (Holden et al. 1998,
2001; Krishna 2002; Pender and Kerr 1998); social capital
(Antle et al. 2006); and irreversibility thresholds (Bauer and
Stringer 2008). Despite the excellence of much of this re-
search, its disciplinary focus has often resulted in promotion
of interventions that have not been widely adopted (Sietz et al.
2011).
This paper argues that an integrated approach to improving
livelihoods and the agro-ecosystems upon which they depend
can overcome many of these shortcomings and deliver inter-
ventions that are widely appropriate, applicable and adoptable
across the world’s drylands. The innovations in approach pro-
posed here, are to combine vertical and horizontal integration
and to acknowledge and address fine scale variation in the
contextual factors that govern adoption of interventions. In the
present context vertical integration implies a nested scale ap-
proach (field, farm, landscape and region), where large scaling
domains are identified across which contextual variation in
drivers of adoption are understood, mapped and addressed by
facilitating local adaptation. Horizontal integration relates to
working across disciplines and sectors (agriculture, forestry,
markets, environment, water and energy). The enabling policy
and institutional requirements for innovation are addressed
across scales. The authors present a framework for this inte-
grated approach, and then demonstrate its utility through four
case studies where the approach has been applied. From this,
they draw lessons for practitioners of research for develop-
ment, particularly those working in the drylands.
Drylands: context
According to the UN, (http://www.un.org/en/events/
desertification_decade/whynow.shtml-accessed 18 August
2013), globally drylands occupy some 6.09 billion ha (60.9
million square km), with a population of 2.1 billion people,
nearly half of which are the poorest and most vulnerable and
marginalized in the world.
The agro-ecosystems in dry areas comprise a diverse and
complex mix of pastoral, agropastoral, rainfed and irrigated
farming practices. Farmers and pastoralists employ a diverse
mix of food, fodder and fibre crops, vegetables, rangeland and
pasture species, fruit and fuelwood trees, medicinal plants,
livestock and fish to meet their food and livelihoods needs.
Pastoralists and farmers have developed these practices over
centuries, adapting them to the limited resources and variable
climate that characterize dry areas. Agricultural production
systems in the drylands face not only persistent water scarcity
and frequent drought, but also high climatic variability, land
degradation, desertification andwidespread poverty. These con-
straints are expected to intensify as a result of climate change.
The dry areas are home to several important centres of
origin and diversity of crops, vegetables, livestock, trees and
fish, and most traditional farming systems maintain agro-
biodiversity in the form of crop landraces, local animal breeds,
pastoral flora and other native and wild species. These genetic
resources can provide breeders with the traits needed to adapt
plants and animals to heterogeneous and changing environ-
ments (Fowler and Hodgkin 2004), and are an important
buffer against the effects of climate change and desertification
(Maestre et al. 2012). However, land degradation and pressure
on natural habitats threaten biodiversity in dry areas and
farmer behaviour, if not directed otherwise, will generally
result in decline in species diversity to meet immediate pro-
duction objectives (Harvey et al. 2011).
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Drylands are also generally economically and politically
marginalized because they are perceived to have low produc-
tion potential and are generally sparsely populated.
Investment strategies tend to favour high potential or densely
populated areas, although there is evidence that returns to
investment in infrastructure can be high in less-favoured areas
(Fan and Hazell 2001; Pender and Hazel 2000). Many small-
holders in dry areas have poor access to markets for their
products and to inputs such as improved seed, fertilizer and
information about production technologies. There are often
gender differences in access to inputs, rural services, informa-
tion and technology that disadvantage women (World Bank
et al. 2009). Investments in human capital (education, ability
to access market information, health etc.) have been shown to
enhance the uptake of new information and technology, while
investment in social capital (networking, reciprocity, collec-
tive action and institutions) enhances their spread (Bandiera
and Rasul 2006; Coppock et al. 2011; Lapar and Ehui 2004).
Greater market access and institutional arrangements that
confer ability to take collective action can improve manage-
ment of environmental risk.
Many dryland systems could produce more food sustain-
ably, in spite of the constraints indicated above. The agricul-
tural productivity of drylands in much of sub-Saharan Africa,
South Asia, West Asia, North Africa and Central Asia is far
below potential, and relatively quick wins appear feasible
(Burney et al. 2011; Cooper et al. 2009; Garrity et al. 2011;
Quiroz et al. 2003; Wani et al. 2009). With appropriate incen-
tives, the provision of other ecosystem services from drylands
could also be enhanced, and rewards for environmental ser-
vices are beginning to be used to promote biodiversity and
wildlife conservation, and provision of watershed services.
Sequestration of carbon in soils may be an important co-
benefit of preserving rangelands (Sommer and de Pauw 2010).
Dryland systems are heterogeneous, which means the de-
velopment challenges and trajectories to address these vary at
fine scale. We view the spectrum of development challenges
facing livelihood systems as a gradient (Fig. 1). At one end are
livelihoods systems with a low asset base, where the key
challenge is to mitigate vulnerability or risk and increase
resilience. At the other end are livelihoods systems with an
asset base sufficient to take advantage of opportunities for
intensifying production in response to market opportunities.
The challenges for these intensifiable livelihood systems re-
late to environmental sustainability, equity and economic
growth as well as agricultural productivity. Food security,
poverty reduction and natural resource management are im-
portant everywhere along the spectrum. They may be
addressed in different sequences depending not only on the
starting point but also on the surrounding institutional, polit-
ical and environmental circumstances.
Numerous interventions are available, or are being devel-
oped, that can be leveraged and combined. But these alone
will be unlikely to achieve significant impacts on poverty,
food security and the environment at scale. Integration and
capacity strengthening mechanisms are also needed for local
successes to be scaled up and out. These need to be targeted to
regional and local stakeholders, including socially disadvan-
taged groups, as well as those who influence policy, delivery
of technologies, access to markets, equity and economic bal-
ances. This underscores the importance of a horizontally and
vertically integrated approach, which we propose as a new
core value for research on dryland agriculture.
Integrated systems approaches
The multifaceted constraints facing dryland agricultural sys-
tems call for broad-based, integrated approaches addressing
the full range of socioeconomic and biophysical constraints
that farmers and pastoralists in drylands typically face.
This requires innovative approaches that bring together all
participants in the impact pathway, from primary producers to
policy-makers, to develop technologies, resource manage-
ment strategies and institutional arrangements that: reduce
demand for water per unit crop area and livestock unit; im-
prove water capture and storage; increase productivity per unit
of water and land at farm and landscape scales; enhance the
capacity of communities and the most marginalized actors
within them; and strengthen institutional arrangements to
build resilience of livelihoods and increase system productiv-
ity through diversification and sustainable intensification.
Such approaches aim to identify, quantify and address the
driving forces and interactions that shape and constrain farm-
ing systems and the management of natural resources
(Lockeretz and Boehncke 2000; Roetter et al. 2000). By doing
so, they help to identify researchable issues and generate
testable research hypotheses, and to ensure that the ground-
work is done to put in place all the necessary institutions and
Focus on sustainable 
intensificationFocus on reduced 
vulnerability and risk 
Vulnerability
Productivity
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low
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Dryland livelihood system trajectory (different states)
higher resilience and productivitylower resilience and productivity
Fig. 1 Focus: reduced vulnerability and risk, or sustainable
intensification
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delivery mechanisms to support the scaling up and out of
successful innovations. This includes addressing the policy
environment in which the systems operate. Many policy-
related constraints, such as poor infrastructure (roads) limiting
access to markets, state control of input and output markets,
distorted prices, poor delivery of services, lack of legal frame-
works for producer associations and inadequate finance, can
directly affect resource poor farmers’ ability to benefit from
opportunities created by systems research. Similarly, fiscal
and monetary policies at the macroeconomic level may have
negative impacts on the agricultural sector. Therefore, inter-
actions and dialogue with policy-makers is a critical compo-
nent of the integrated research approach proposed.
Reynolds et al. (2007) reviewed lessons learned about the
functioning of dryland agro-ecosystems and the livelihood
systems of those people whose living depends on them, and
proposed a synthetic framework to identify and address the
constraints facing these regions and the people living there.
Their “Dryland Development Paradigm” (DDP) focuses on a
concise set of systems-oriented principles to help identify and
synthesize priority issues to be addressed by research, man-
agement and policy communities.
The DDP identifies five core principles:
1. Human–environmental (H–E) systems are coupled, dy-
namic and co-adapting. Thus, research, development and
policy efforts must address both biophysical and socio-
economic aspects of the dryland system simultaneously if
they are to make a lasting and positive impact.
2. A limited suite of “slow” variables (e.g. soil fertility) are
critical determinants of H-E system dynamics. “Fast”
variables (e.g. rainfall, pest or disease outbreaks, crop
yield) are poor indicators of fundamental changes such
as land degradation or the need for intervention.
3. Thresholds in key slow variables define different states of
H–E systems. Crossing a threshold in one domain (e.g.
ecological, social or economic) or scale (household, vil-
lage, region) may trigger shifts in other domains or at
other scales.
4. H–E systems are hierarchical, nested and networked across
multiple scales. Research and interventionmust be targeted
to the appropriate scale and recognize linkages and rela-
tionships within the system if they are to be effective.
5. The maintenance of a body of up-to-date environmental
knowledge, combining both local and science-based knowl-
edge, is key to functional co-adaptation of H–E systems.
The traditional, linear research-for-development impact path-
way includes four steps: research activity, outputs, outcomes and
impact. In contrast, following the proposed integrated agro-
ecosystem and livelihood systems approach, embeds research
within the context of development practice and engages with
farming communities and a range of development partners in a
medium- to long-term co-learning framework (Coe et al. 2013).
This involves working with rural people to establish what
impacts are needed, then defines what outcomes will deliver
these impacts, then identifies what outputs (if adopted) will
produce the desired outcomes, and finally determines what
research will lead to these outputs, thus following the impact
pathway backwards. A portfolio of potential technical and
policy interventions can be drawn upon and their deployment
sequenced in ways that fit local conditions. Information on
technology performance, user perspectives and livelihood
issues feeds back into research. This results in an iterative
research and development cycle, with continuous improve-
ment in options available to farmers and more refined under-
standing of how they need to be customized to suit local, fine
scale variation in context. Such an impact pathway is demand-
driven, focused and results-oriented. With each iteration, op-
tions become better targeted to users’ needs, leading to greater
impacts on poverty reduction, food security and the environ-
ment. The end result of this iterative approach is appropriate,
effective, demand-driven and results-oriented research ‘in’
rather than, ‘for’ development. Monitoring, evaluation and
learning are integral to the process.
The following four case studies illustrate the application of
this integrated agro-ecosystem and livelihood systems ap-
proach in areas with critical levels of rural poverty, land
degradation, high climatic risk and food insecurity in Africa,
Latin America and South Asia. They were selected on the
basis of the outputs, outcomes and impacts they produced,
which are attributable to the systems approach used.
Case studies
Improving crop–livestock production systems in low-rainfall
areas of the Mashreq and Maghreb
Crop–livestock systems in the Mashreq and Maghreb are
characterized by severe shortages of livestock feed, low crop
productivity, low rainfall, soil erosion and declining soil fer-
tility. Small ruminants (sheep and goats) provide much of the
income that farmers and nomadic or semi-nomadic herders
obtain (Alary et al. 2007). Growing demand for animal prod-
ucts has encouraged increases in flock size and numbers,
especially at the drier end of the arable farming spectrum,
where native pasture lands provide free grazing (Aw-Hassan
et al. 2010). These pastures once met much of the feed needs
of the flocks but today demand exceeds supply, not only
because there are more livestock, but also because productiv-
ity has declined as a result of overgrazing, ploughing of
rangeland, fuelwood harvesting and soil erosion.
Until recently, uptake of improved crop–livestock production
options has been slow, and this has been attributed to the lack of
an enabling policy and institutional environment (Ehui et al.
2003). Land tenure policies (both formal and traditional), poor
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access to credit, policies antagonistic to mechanization and lack
of veterinary services have constrained adoption of intensifica-
tion options. This context highlighted the need for a program
that integrated research on policy and institutional alternatives
with that on technologies and management practices.
The ICARDA-led collaborative project in the Mashreq/
Maghreb region adopted a community-based integrated sys-
tems approach, involving natural, biological and social sci-
ences to identify and address the constraints facing dryland
production systems in the region. A participatory community-
based methodology (a combination of Rapid Rural Appraisal
and Participatory Rural Appraisal), developed through con-
sultation with all stakeholders, consisted of characterization of
the community; diagnosis; planning and programming; insti-
tutional set-up; implementation; and, monitoring and evalua-
tion (Fig. 2). The project involved broad-based multidisciplin-
ary teams and engaged with stakeholders along the entire
impact pathway, including national-level policy-makers, local
officials and the grassroots community. This ensured a holistic
approach to constraint analysis and identification of possible
interventions and their interactions, across individual, house-
hold and national policy levels. The core of the methodology
was effective communication, with all stakeholders negotiat-
ing the community development plan on an equal basis,
thereby integrating both local and introduced knowledge.
Major constraints that were identified, included shortages
of livestock feed at crucial times of the year, which were both
caused by, and contributed to, declining soil fertility and land
degradation. Interventions were developed to increase feed
and forage production by enhancing on-farm feed production
and crop management, and identifying complementary feed
sources.
Grazing dual-purpose barley and vetch provided additional
feed and growing these crops in rotation improved soil fertility
and the sustainability of the production system. Barley yields
were increased by applying fertilizer (e.g. 92 kg P2O5 ha
−1
increased grain yield by >20 %) while reducing the seeding
rate to 100 kg ha−1 reduced costs by about US$ 33 ha−1
without reducing yield. Feed blocks made from agro-
industrial by-products provided an alternative source of feed,
as did saltbush (Atriplex spp.) and spineless cactus (Opuntia
spp.) alley-cropped between plots of barley. The latter also
reduced erosion and run-off, increased soil moisture retention,
and reduced purchase of feed concentrates by up to 72 %.
Subsidies enhanced technology uptake in Tunisia (Shideed
et al. 2007): farmers who received a subsidy to invest in
Opuntia alley farming achieved an internal rate of return
(IRR) of 53 %, compared with 17 % for farmers without the
subsidy. In Morocco, estimated IRR was 29 % with a time
horizon of 2015, assuming constant adoption at the 2005 rate.
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Fig. 2 A schematic of the main
steps in a participatory
community approach for
improving crop–livestock
production systems in low-
rainfall areas of the Mashreq and
Maghreb
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The environmental benefits of Atriplex alley cropping were
estimated at US$ 425 ha−1, well above the subsidy given to
farmers (US$ 250–300 ha−1). This form of alley cropping has
been out-scaled by the International Fund for Agricultural
Development (IFAD).
Key lessons from this work include the following: partic-
ipatory characterization of communities builds cooperation
and trust among stakeholders; recognition of local know-
how is important for successful diagnosis; development plans
approved and tested by communities help mobilize resources
and ease project implementation; the ability of communities to
identify appropriate technical solutions or solve internal con-
flicts – particularly relating to property rights and land use –
and the importance of income-generating activities should not
be underestimated; and the success and sustainability of the
process depend on promotion of elected community-based
organizations that provide a link between communities and
other actors, e.g. government and non-governmental agencies
and donors.
Reducing risk and vulnerability in pastoral dryland systems
in Africa
Pastoralists in the arid and semi-arid lands of Kenya have been
badly hit by droughts in recent years, resulting in massive
losses of the livestock on which their livelihoods depend.
These communities have become increasingly dependent on
food aid and other short-term emergency relief efforts.
A research project in the Kenyan rangelands led by the
International Livestock Research Institute (ILRI) employed an
integrated agro-ecosystems and livelihoods approach to study
local pastoral production systems. This identified a possible
role for index-based livestock insurance (IBLI) to protect and
stabilize the livelihoods of pastoralists in the region (http://
www.ilri.org/indexbasedlivestockinsurance). The project
conducted extensive survey work and worked with the target
community in a participatory process to identify constraints
and possible entry points. Once IBLI was identified as a
candidate intervention, the project worked to: identify
institutional innovations needed to support this new concept
in insurance provision and financial service delivery;
established partnerships with commercial entities, regulatory
bodies and other agencies; established novel public–private
agreements for market-mediated provision of the product;
and, initiated extension and marketing efforts to educate the
target clientele on a previously alien concept and new product
(Lybbert et al. 2010; Matsaert et al. 2011; McPeak et al. 2010;
Notenbaert et al. 2009; Ouma et al. 2011).
IBLI-type products represent a promising and exciting
innovation for managing risks of climate extremes that vul-
nerable pastoralists face (Chantarat et al. 2007, 2008; Mude
et al. 2009). The IBLI contract is based on a unique innovation
in insurance design that makes the risk-management benefits
of formal insurance accessible to smallholder farmers and
pastoralists in remote locations. The general idea is that
policyholders are compensated based on a clear, measurable
outcome that neither insurer nor policyholder can influence
but is highly correlated with the targeted risk. In the case of
IBLI, the underlying risk of drought-related livestock mortal-
ity is insured based on a remotely sensed normalized differ-
entiated vegetation index (NDVI). This predicts area-average
livestock mortality though an empirically derived response
function that relates forage availability (with NDVI as a
proxy) to livestock losses (Chantarat et al. 2007, 2012).
In January 2010, after a 2-year research and design period, a
pilot IBLI product was launched for individual pastoralists in the
arid and semi-arid Marsabit District of northern Kenya. Policies
were sold on a commercial basis with Equity Bank, Kenya’s
fastest growing commercial bank, providing agency services for
a local underwriter, UAP Insurance Co. UAP then ceded a
portion of the risk to the international reinsurer, SwissRe.
While an important objective of the programme was to test
IBLI’s commercial viability, an equally important objective
was to understand and quantify the welfare impacts that IBLI
has among communities that have traditionally been the main
recipients of food aid, cash aid and other publically funded
responses to severe droughts (McPeak et al. 2012). To this
end, a research agenda was designed around impact assess-
ments using a set of 925 households visited annually since
before the launch of the programme in 2009. This investigated
the potential economic and social returns to IBLI provision in
systems where livestock represents the key productive asset
and the dominant source of income and where drought-related
losses represent more than 75 % of livestock mortality.
Hypotheses tested included the following: (a) IBLI can stabi-
lize asset accumulation and enhance economic growth by
improving incentives for households to build their asset base;
(b) by providing indemnity payments after an asset shock,
IBLI can stem the downward spiral of vulnerable households
into poverty; and (c) IBLI can stimulate the provision of credit
for ancillary investment by collateralizing a previously risky
asset.
Sustained adoption is the ultimate proof of concept and,
while initial sales surpassed expectations, a subsequent slump
in sales gives cause for concern. Frequent engagement with
the clients and their representatives, efforts to monitor and
evaluate progress and on-going analysis have offered insight
into the key challenges that need resolving in order to build
credibility, stimulate uptake and develop a cost-effective de-
livery infrastructure for sustainable market-mediated provi-
sion – whether publically supported or fully commercial.
These emerging lessons have formed the core insights from
the continuing pilot that have shaped the design of a second
phase of selective expansion that commenced in July 2012.
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Based on four interdependent pillars, the agenda builds
upon the integrated multi-disciplinary and cross-stakeholder
research and implementation platform that has characterized
the IBLI programme. The first pillar seeks to deepen the
understanding of IBLI impacts through continued rigorous
assessments of the behavioural, welfare and environmental
impacts of IBLI on the target population and to investigate
how IBLI can complement other existing interventions in
credit market deepening, supplemental feed provisioning and
the like. The second pillar focuses on the development of
institutions, policies and capacities (e.g. regulation, informa-
tion dissemination, marketing or extension) necessary to in-
crease the cost efficiency of provision and target incentives
appropriately. The third pillar focuses exclusively on contract
design and seeks to improve both the methods and the data
used in a quest for more precise risk-coverage and to facilitate
scale-out for the design of IBLI products covering all of
northern Kenya and later the Greater Horn of Africa. Finally,
the forth pillar zooms out to start investigating the potential of
leveraging the index concept to design climate catastrophe
insurance for meso- and macro-level clients, namely county
and national governments, non-governmental organizations,
donors and other entities responsible for responding to emer-
gency situations.
Integrated watershed development in South Asia
The productivity and sustainability of a dryland agro-
ecosystem depend on the quality and reliability of water
resources. Effects of in situ practices (e.g. broad-beds and
furrows, and contour bunds) and ex situ interventions (e.g.
check dams, gully plugs and infiltration pits) on groundwater
levels, runoff and soil loss in a micro-watershed of about
400 ha have been assessed at Kothapally (Andhra Pradesh,
India) since 2000. Modelling, using the Soil and Water
Assessment Tool (swatmodel.tamu.edu), showed that
implementing the full suite of in situ and ex situ interventions
reduced outflows from the watershed significantly in dry
years, that occur about 30 to 40 % of the time (Garg et al.
2012). The analysis also suggests that in situ interventions are
most appropriate for locations with a high probability of dry
years, as there is little runoff to be captured by ex situ inter-
ventions. However, information on the downstream effects of
watershed interventions on livelihoods and ecosystem ser-
vices is lacking and research is urgently needed.
Research in watersheds has pioneered the use of stratified
participatory soil sampling and mapping of soil nutrient status
(Sahrawat et al. 2008). Soils in semi-arid environments in
India are commonly deficient in sulfur (82 % of 28,270 fields
sampled), boron (68 %) and zinc (62 %), phosphorus (46 %)
and potassium (16 %) (Sahrawat et al. 2010). Applying these
elements with nitrogen in a balanced fertilizer can increase
maize grain and peanut pod yield by 40 % in farmers’ fields,
as noted in farmer-participatory on farm research trials
conducted in Karnataka, India. The scale of operation was
10 small nucleus areas and 33 satellite watersheds during
2005–2006 to 2008–2009, rising to 0.21 million ha during
2009–2010 and 1.54 million ha during 2010–2011. The treat-
ments under study were farmer’s practice (FP) of application
of N, P and K only, or balanced nutrition (BN) comprising FP
inputs plus S + B + Zn. State level nutrient recommendations
were modified based on soil testing, where a full dose of a
nutrient was given when more than 50 % of farms were
deficient and a half dose where fewer than 50 % of farms
were deficient. Similarly, for the diagnosed deficiencies of S,
B and Zn, a general recommendation (practiced in alternate
years) of 30 kg S (through gypsum), 10 kg Zn and 0.5 kgB per
hectare were applied. Soil testing and recommendations were
at ‘block’ level (comprising a cluster of villages).
Watershed research by many organizations has evolved
over the last 40 years from a technology supply push (TSP)
approach to a livelihood-driven and natural resource systems-
based approach (Shambu Prasad et al. 2005; Wani et al. 2009,
2011). It was realized that farmers were not adopting technol-
ogy packages promoted using TSP and that a different, more
holistic approach was required. Crucially, introduction of new
technologies must be based on incentives. In India, for exam-
ple, higher groundwater levels achieved through technology
interventions such as check dams lead to observably higher
water levels in openwells (Garg andWani 2012). The increase
in water availability for irrigation and crop diversification has
proved to be sufficient incentive for small-scale farmers to
adopt improved watershed technologies. Lessons have also
been learned about how to enable target groups to diversify
production and seek new markets, and the use of community-
based mechanisms to improve resource allocation at various
scales, from farm to landscape. The Government of India has
now implemented policies to support integrated watershed
management (GOI 2008).
Such integrated systems approaches are, of course, dynam-
ic and involve trade-offs that need to be understood. For
example, changing from keeping cattle to keeping buffaloes
increases demand for fodder, could reduce the availability of
manure as livestock numbers decline, and may increase work
for women. These trade-offs will have to be assessed and
investments made in the social, institutional, and governance
components if these approaches are to continue to be
successful.
Achieving sustainable rural development in the Peru–Bolivia
Altiplano through improvement of Andean agriculture
The Altiplano of Peru and Bolivia is one of the world’s poorest
areas (Quiroz et al. 2003). High climatic variability, high
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altitude, land fragmentation and limited access to markets and
financial resources drive highly diverse and complex farming
and livelihoods systems in which the main goal is the mini-
mization of production risk. Potato provides food security;
livestock are important for income and asset building. These
systems also maintain native potato germplasm. Farming is
carried out on family smallholdings and communal land.
Secondary activities include trade and temporary migration
for non-agricultural work.
An integrated systems approach was used to enhance agri-
cultural productivity, family income and the resilience of these
farming systems (Li Pun et al. 2006). The objectives were: to
improve access to markets; to strengthen women’s participa-
tion in household decision-making and control of family
income; and to improve child nutrition. The sequence of
actions included: selection of communities; establishment of
a baseline; participatory selection of specific interventions;
participatory work in the testing, validation and implementa-
tion of activities; and monitoring and evaluation (León-
Velarde et al. 2008). Interventions were selected based on:
the climate and the human and natural resources of the region;
and the competitive advantage of production options (mar-
kets, potential productivity, potential contribution to income,
potential contribution to food security and nutrition, potential
for the involvement of family members, potential for women’s
empowerment and their participation in decision making,
income generation and income disposal).
The work was conducted with 8,399 beneficiaries in 129
rural communities. Biological and socioeconomic baselines
were established through a systematic survey in 2006. The
sustainability of farming in an adverse and changing climate
was analysed. To enhance the systems, other crops, livestock
value-added activities and alternative sources of income, such
as trout farming and handicrafts, were identified and integrat-
ed into the farming and livelihood systems through a partici-
patory process.
The project promoted organic quinoa production, an activ-
ity with a high-income generation potential. A total of 1,175
families participated. Annual net family income generated by
quinoa increased from US$ 72 in 2006 to US$ 700 in 2010–
2011 as a result of an increase in the area planted to organic
quinoa, higher yields and exports. However, local per capita
consumption of quinoa decreased because more of the crop
was exported.
Milk production was initially found to be limited by feed
shortages during the dry season, lack of traditional dairy
products and weak markets. To address these constraints, the
programme introduced alfalfa and forage oats to provide
additional feed, and established producer groups and produc-
tion hubs linked to small cheese factories run by the producers
themselves. Cheese and other dairy products such as yogurt
were marketed locally.
A total of 129 ha of alfalfa and 290 ha of oats were
established on the farms of the producer groups. Small silos
were used to store feed for the dry season. On average, 612 t of
silage was produced each year, enough to supplement 1,334
producing cows for 153 days (3 kg cow−1 d−1). Producer
groups sold milk daily to 14 cheese factories. Increased pro-
duction and sales raised annual dairy income per family from
a baseline of US$ 29 to US$ 767 by 2011. The cheese
factories generated an average yearly income of US$ 3,328
per participant family, showing the importance of value-added
produce. Two of the 14 cheese factories promoted by the
project through a credit programme are building new plants
with a better technical design. The availability of dairy by-
products prompted women to fatten and sell pigs. By the end
of the project, 30% of suppliers of milk to the cheese factories
had adopted this practice.
Before the programme started, few farmers raised trout.
The project organized 84 families in seven groups, and pro-
vided training and credit to start trout farms. The groups
planned and managed the production process, built the basic
infrastructure, standardized the product, managed production
costs, and marketed their produce. Over five years, the farms
produced a total of 4421 t of trout with a gross value exceed-
ing US$ 11 million. Annual income per participating family
ranged from US$ 784 to US$ 7788. The activity created 5 to
16 permanent jobs per year per producer, plus 10 temporary
jobs per month per producer. Women’s participation was close
to 48 %.
Production of vegetables in both family and school green-
houses contributed not only to family income but also im-
proved nutrition. Greenhouses were constructed with the ac-
tive participation of mothers and schoolchildren. By 2011,
185 greenhouses with a total roofed area of 14,676 m2 were
in operation with the direct participation of 175 families. A
sample of 29 % of the greenhouses showed a production of
13,250 kg of 29 different species. Of this, 80 % was for
home consumption, collectively saving families US$ 10,
159 by no longer having to buy vegetables from the market.
The availability of credit was crucial to adoption of the
interventions. The project provided credit through supervised
revolving funds and technical assistance. A total of US$
172,226 was mobilized in 4.6 cycles of operation, with a
repayment rate higher than 90 %. In Puno, the average
credit was US$ 790 with average monthly interest rates of
2 %. Over the life of the project, participants’ livelihood
capital increased from 0.27 to 0.43.
Discussion
The case studies presented here show how an integrated ap-
proach, applied along entire impact pathways, can sustain and
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build on past gains. The concept of integration here is broader
than previously conceived in farming systems research
(Collinson 2000), incorporating both a participatory approach
(Chambers et al. 1989) and nested scale agro-ecosystem
(Jackson et al. 2013) and institutional aspects (Clark et al.
2011). There has been a recent resurgence of interest in sys-
tems research in agricultural development (Keating et al.
2010), echoing the application of general system theory in
agriculture, pioneered several decades ago (Spedding 1979;
Conway 1987). Critically, from a dryland perspective, this
resurgence puts new emphasis on managing risk and on mak-
ing efficient use of land and water resources, referred to as
‘eco-efficiency’. Consideration of risk places a premium on
smallholder innovations that can increase productivity without
concomitant increase in variability of outcomes, as the IBLI
case study illustrates. Eco-efficiency focuses on maintaining
natural capital, making use of renewable sources of inputs
where possible and efficient use of those derived from fossil
fuels, as the Mashreq and Maghreb case study illustrates. All
four case studies embrace a view of livelihoods that transcends
a narrow focus on farming to consider how agriculture is
embedded within a broader livelihood context (Carney
2002). The combination of explicit systems analysis and par-
ticipatory approaches, evident in all four case studies, marks a
turning point. Since the 1980s, the predominant trend has been
for participatory approaches to replace more formal farming
systems research, with the systems understanding and local
knowledge becoming increasingly implicit, through the in-
volvement of farmers in the research process (Farrington
1988; Pretty 1995). In contrast, research on broader aspects
of natural resource management has embraced a systems ap-
proach (Sayer and Campbell 2004) and explicit treatment of
local knowledge (Sinclair and Walker 1998; Joshi et al. 2004)
but tended to increasingly focus at landscape scales consistent
with consideration of a range of ecosystem services manifest at
these scales (Pagella and Sinclair 2013; Cerdan et al. 2012). At
the same time, the focus of farmer participatory research has
broadened to encompass a wider concept of innovation sys-
tems that includes markets and the institutional context within
which innovation occurs (Scoones and Thompson 2009;
Kilelu et al. 2013). This converges with the emphasis on
social-ecological connections now dominant in resilience sci-
ence (Walker et al. 2006). The key novelty of the integrated
agro-ecosystem and livelihood approach, illustrated through
the present case studies, is in combining all these different
strands: systems analysis; participatory approaches; combined
social, economic and ecological perspectives; multiple knowl-
edge systems; the market, institutional and policy context; and,
a nested scale agro-ecosystem approach that embraces risk and
eco-efficiency.
The integrated agro-ecosystem approach, when aiming to
mitigate vulnerability, reduce risk or increase resilience,
acknowledges that farmers and (agro-)pastoralists in marginal
dryland environments are in reality dealing with multiple
inputs and outputs, opportunities and constraints. This com-
plexity can no longer be approached in a purely reductionist
way, but should involve the application of approaches for
understanding dynamic, evolving, complex systems, includ-
ing the trade-offs in various ecosystem services (Jackson et al.
2013). For example, the CGIAR System-wide Livestock
Program (www.vlsp.org) adopted an integrated approach
that analysed the trade-offs in mixed crop-livestock systems,
to build synergies among the various research-for-
development interventions (Wright et al. 2012). When
adopting an integrated agro-ecosystem approach to take ad-
vantage of opportunities for intensifying production in re-
sponse to markets, entry points are identified for a range of
activities related to products, natural resources and markets.
Interdisciplinary teams research the complex interactions be-
tween productivity and sustainability of smallholder farming
systems. This research needs to include the study of critical
gaps in food–feed and related natural resources research, as
well as the policy environment suitable for system innovation.
The rangelands project in Kenya illustrates the way in which
key interventions, which act as leverage points, can lead to
profound system improvement through interactive effects with-
in the system and spread successful innovations amongst
households. The IBLI impact pathway involved a range of
partners from the public and private sectors working on re-
search, development and commercial applications of the prod-
ucts, in an iterative process with numerous feedbacks (Fig. 3).
The long-term relationship between researchers and farmers
allowed farmers and researchers together to determine how best
to sequence interventions. Research (column 1) on IBLI began
with the identification of drought-related livestock loss as a
major cause of poverty among livestock-keeping households in
target areas. Based on this evidence, research was undertaken
on whether an index could be identified that correlates strongly
with livestock mortality and was appropriate for use in an
insurance product. Researchers also needed to understand cur-
rent coping strategies and risk management options in potential
target populations, and identify the organizations (public, pri-
vate, non-governmental and civil society) involved in drought
management, risk management, social protection or livestock
production and marketing in the target areas.
Outcomes shown in Fig. 3 are divided into research out-
comes and development outcomes (columns 2 and 3), depend-
ing on the researchers’ level of direct involvement in and
accountability for delivering them. Several outcomes appear
as both. First let us consider the research outcomes (column
2). In the pilot or proof of concept phase, researchers were
actively involved in the development of the insurance product
and in securing regulatory approval. Once the product went to
scale, researcher involvement declined, although a reduced
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level of on-going engagement was retained to provide techni-
cal expertise. Similarly, in the development outcomes (column
3), researchers may be actively involved in designing and
implementing awareness-raising approaches, delivery mecha-
nisms and even providing herders with insurance (e.g. in the
context of a randomized, controlled trial to assess impact) in a
proof-of-concept phase, but this will not continue during
scaling up. Other actors from the private, non-governmental
or public sectors, or livestock keepers themselves, will need to
deliver these outcomes if widespread impact is to be achieved.
This highlights the importance identifying and describing the
entire impact pathway and all the stakeholders involved, and
engaging them in the research process from the beginning.
The outcome related to markets reflects the fact that availabil-
ity of insurance could provide livestock keepers with an
incentive to invest in their herds (quantity or quality, as men-
tioned above) and thereby increase production. Insurance
could also provide the means for doing so, since insured
animals can be used as collateral. For this to happen, markets
for financial services, agricultural and veterinary inputs and
for livestock products need to be functional and responsive.
Integrated system research: a new challenge for international
agriculture undertakings and partnerships
Integrated agro-ecosystems research can be understood differ-
ently among those from various disciplinary or professional
backgrounds, and even among those sharing similar back-
grounds. Setting or defining a common and transparent frame
of reference is necessary to facilitate progress in implementing
this approach, which is already generating innovations for
dryland systems. These include, for example, micro-dosing of
fertilizers, micro-dams in-field water harvesting, payments for
environmental services, community institutions, community-
based natural resource management, community-based live-
stock breeding, village-based seed and seedling enterprises,
participatory market development, participatory research,
micro-finance, production insurance, financial and social safety
nets, alternative energy sources, mobile connectivity and the
increasing recognition of empowering local communities by
national governments.
Many CGIAR Consortium Centres (cgiar.org) have been
participating as ‘knowledge’ partners in large-scale integrated
agricultural research-for-development projects, providing
technological backstopping and support for monitoring and
evaluation, and learning, as illustrated by the case study on
improving crop–livestock production systems in low-rainfall
areas of the Mashreq and Maghreb. Though the lessons have
yet to be systematized, these experiences have taught both
research organizations and development partners a great deal
about the challenges and benefits of working together, focused
not just on agriculture but embracing a broader livelihood
perspective. These experiences provide a foundation on which
to build — some of the sites and partners may well be the
same— as well as lessons about what works, what does not,
and how things can be done better. This article takes stock of
past experiences to draw lessons for an integrated agro-
ecosystems and livelihood systems approach to be pursued.
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The CGIAR Consortium has considerable experience with
institutional innovations involving multiple stakeholders.
Farmer participatory research has highlighted the value of
involving end-users in the research process and provided
models for engaging partners effectively. For example, work
by the CGIAR Consortium and partners on participatory wa-
tershedmanagement helped to integrate agriculture and natural
resource management at landscape scale, providing lessons for
similar processes elsewhere. More recently, the Challenge
Programs for sub-Saharan Africa (http://www.fara-africa.org/
our-projects/ssa-cp/) and Water & Food (http://waterandfood.
org/) have used innovation platforms, social experimentation,
and network theory to foster innovation, deliver impact on the
ground, and generate global and regional public goods.
Partnerships are paramount for research targeting and de-
livering large-scale impacts in integrated agro-ecosystems
research. In this regard, communications among partners and
stakeholders plays a key role when engaging in new modes of
working together, particularly when involving farming com-
munities (including both women and men), national research
and extension systems, policy makers, international and re-
gional organizations, advanced research institutes, civil soci-
ety and non-governmental organizations, the private sector,
and development agencies. Iterative and participatory design
and implementation through innovation platforms will ensure
that priorities match those of stakeholders and encourage buy-
in and support by policy makers, which will lead to strong
local and national support, sustainable activities and high
impact on livelihoods and the environment.
Conclusion
There is strong precedent for implementing an integrated
agro-ecosystem and livelihood approach to sustainable devel-
opment of dryland systems, and the case studies presented
here provide proof of concept that this can be effective. We
will be able to confirm the value of the underpinning princi-
ples advocated here when the approach has been applied more
widely across sizeable scaling domains.
Clearly, for this approach to succeed, we will need to break
vertical “silos” amongst organizations and engage in horizon-
tal coordination amongst stakeholders and disciplinary areas,
when interacting with farmers and other stakeholders along
the impact pathway, as was done in the reported case studies.
Such horizontal coordination includes engagement with
policy-makers at all levels to ensure that a supportive policy
environment is in place to allow farmers, pastoralists and other
producers to benefit from opportunities created by develop-
ment of innovations.
The multiplicity of interactions in these complex, integrat-
ed programmes also calls for careful sequencing of actions to
strengthen capacity appropriately and avoid overwhelming
stakeholders when scaling up and out.
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